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 Updating the effective model to current modeling software 
 

 Fixing errors, updating topography, and adding new XS 
 

 Adding man-made changes since effective model 
 

 Evaluating the hydraulic impacts of your project 



 Big push in the 1970s and 1980s for floodplain mapping 
 Majority of the effective models are over 30-years old 
 Typical WSP-2, WSPRO, or HEC-2 models 

 1995 – Yes, 21-years old 
 HEC-RAS 5.0 was just released! 
 

 Advancements make it way easier to model today 
 Models developed on limited data 
 File storage was hard copies, no electronic file system 

 



 HEC-2, WSP-2, WSPRO input and results files 
 Limited documentation from the Flood Insurance Report 
 Effective FIRM Maps 



 Hard to read / Missing or Cutoff pages 
 Need to understanding the coding 
 Hand written notes/cross outs 
 Additional cross sections not showing up in the FEMA maps 



 Who performed the evaluation 
 Hydrologic Analysis Section 
 Hydraulic Analyses Section 
 Floodway Tables 
 Flood Profiles 



 Cross section locations for letter crossings 
 Bridge crossings locations 



Model Inputs & Results FIRM Maps 



 

 Goal: Replacement of 3 MDT Bridges Along Highway 2 
 Location: Immediately West of Chinook, MT 

 

 Road Widening = Improve Public Safety 
 Existing Bridges are Wooden Structures 
 All 3 Bridges  Are At The End Of Their Service Life 

 

 Located in a Detailed Floodplain 
 Hydrology 
 Stream/Reach Lengths 
 Complex Flow Splits 

 





Milk River 

Redrock Coulee 



 

 Multiple Studies on the Floodplain 
• Original FIS – 1987  
• LOMR – 1993 Chinook Airport Expansion 
• Updated FIS - 2006 

 
 

 1987 FIS 
• Modeled in HEC-2 
• Hydrology – Regional Frequency  
• Basic Flow Spilt Analysis Completed 
• East and West Overflow Bridges NOT Modeled 
• No Return Flow From the Overflow Bridges  
• Milk River and Redrock Coulee Modeled Independently 



 

 1993 LOMR 
• Modeled in HEC-2 
• Channel was Lengthened Due to Runway Extension 
• Hydrology and Flow Splits Adopted from 1987 FIS 
• Additional XS’s Added to Redrock Coulee Model 

 2006 FIS 
• Incorporated the changes from the 1993 LOMR 



 

 An Independent Evaluation was Completed 
• 5 Separate Hydrologic Analysis Completed 
• Used to verify  FIS Hydrology 

 Drainage Basin Area = 363 sq. mi.  
 FIS Drainage Basin Area = 265 sq. mi.  

 



 

 Investigation into the Previous Studies 
• Very Limited Documentation 
• 1987 FIS States there are closed basins for a neighboring stream 
• Assumption –  Potential for Closed Basins 

 Further Review of Aerial Imagery Showed Closed Basins 
• Drainage Basin Excluding Closed Basins = 275 sq. mi.  
• FIS Drainage Basin Area = 265 sq. mi.  

 Conclusion 
• Calculated Flows Were Within 10% of the Reported FIS Flows 
 





 

 Duplicate Effective Model 
• Data from the 1993 LOMR was used 

• 2 Cross Sections were Added to the 1987 FIS Model 
• But the River Stationing was not updated. 
 

 Corrected Effective Model 
• Using Updated Aerial Imagery and GIS  

• The River Stationing was Updated 
• Additional Cross Sections Were Added 



 

 Flow Splits From the 1987 FIS Were Adopted in the 1993 LOMR 
• Problems: 

• Calculated using best technology at the time 
• Manning’s Equation 

• Flow DID NOT Return to the Model  
• Limited Documentation = No Explanation Why??? 



 

 Challenge – How to Better Model the Complex Flow 
 Solution – Two-Dimensional Hydraulic Model 

• FLO-2D PRO was used  
• Grid Based Model – 20 ft Cell Size 
• DEM Data 

• Photogrammetry 
• Topographic Survey 
• 5 Meter IfSAR Data 

• Channels Were Built Into the Model 
• Bridges and Culverts were Modeled as Hydraulic Structures 



 

 Findings: 
• Two-Dimensional Hydraulic Model Results 

• Flow Does Return to the Main Channel 
• Some Flow Does Leave the System 

• Implications: 
• Returning Flow = Greater Backwater Influences on All Crossings 
• 100-yr FIS Flow Downstream of Main Bridge  = 1,900 cfs 
• 100-yr 2-D Flow Downstream of Main Bridge = 4,106 cfs 



100-Year Model – Simulation Time = 0.2 hrs 



100-Year Model – Simulation Time = 0.4 hrs 



100-Year Model – Simulation Time = 0.6 hrs 



100-Year Model – Simulation Time = 0.8 hrs 



100-Year Model – Simulation Time = 1.0 hrs 



100-Year Model – Simulation Time = 1.2 hrs 



100-Year Model – Simulation Time = 1.4 hrs 



100-Year Model – Simulation Time = 1.6 hrs 



100-Year Model – Simulation Time = 1.8 hrs 



100-Year Model – Simulation Time = 2.0 hrs 



100-Year Model – Simulation Time = 2.2 hrs 



100-Year Model – Simulation Time = 2.4 hrs 



100-Year Model – Simulation Time = 2.6 hrs 



100-Year Model – Simulation Time = 2.8 hrs 



100-Year Model – Simulation Time = 3.0 hrs 



100-Year Model – Simulation Time = 4.0 hrs 



100-Year Model – Simulation Time = 6.0 hrs 



100-Year Model – Simulation Time = 8.0 hrs 



100-Year Model – Simulation Time = 10.0 hrs 



100-Year Model – Simulation Time = 14.0 hrs 



100-Year Model – Simulation Time = 20.0 hrs 



100-Year Model – Simulation Time = 20.0 hrs 

CR Culvert = 920-cfs 
RR Bridge = 920-cfs 

HWY Bridge = 1,053-cfs 

4,625-cfs 

325-cfs 

INFLOW 
4,950-cfs 

CR Culvert = 3,208-cfs 
RR Bridge = 3,208-cfs 

HWY Bridge = 3,053-cfs 

CR Culvert = 497-cfs 
RR Bridge = 497-cfs 

HWY Bridge = 519-cfs 



 

: 
 All Hydraulic Models Are Complete for Red Rock Coulee 

• Models meet a No-Rise Condition Compared to the Existing Conditions: 
• Road Ditches Were Moved Due to Roadway Widening 
• Road Ditches Designed to Not Increase Existing WSEL 
• Re-Designed the Downstream Channel to Increase Flow Capacity 
• New Bridges Designed with Similar Hydraulics to Existing Bridges 

 The Project is in the Middle of Final Design and the Floodplain Permit will be 
submitted in the Near Future 



Existing 154-ft 3-span 
Concrete Bridge 

Old Pre-1959 Bridge 
Abutment 

Existing Roadway 
Alignment Proposed Roadway 

Alignment 

Evaluate Longitudinal 
Encroachment 

Old Pre-1959 Bridge 
Abutment 



Existing 154-ft 3-span 
Concrete Bridge 

Pre-1959 Roadway 
Alignment 

Existing Roadway 
Alignment 

Pre 1959 Bridge 
Crossing  



 Indicated that the hydraulic models were completed in WSP-2, HUD-15 
or HEC-2 

 No detailed documentation of the hydraulic analysis 
 

 HEC-2 input and results 
 Completed in 1980, After the 1959 Road Reconstruction 



 Just came back from a conference that suggested recreating the HEC-2 
input 

 Results match exact!   Great!   



 HEC-RAS model matches exactly the HEC-2 results 
 Great!  Let’s move on to Corrected Effective Model 
 

 The results for these cross sections weren’t changing 
 What’s going on? 
 Identified the flow file had set water surface elevations. 
 Remove them and the model didn’t match report WSEL with 0.5-ft 
 Two different locations were over 2-ft from the reported numbers 
 



 Reviewed the HEC-2 Data and found the X5 Card in the Code 
 Research and found out there was 1975 SCS Flood Analysis 
 Coordinated with SCS Bozeman office to get report and the model 

results 
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 WSEL hard enter in HEC-2 didn’t match WSP-2 Results 
 Flow data in the HEC-2 model didn’t match the WSP-2 Data 
 Model appears to model Post-1959 bridge 
 SCS Mapping shows Post-1959 bridge and roadway alignment 
 Redeveloped the WSP-2 model in HEC-RAS 



 The effective model is the 1975 SCS WSP-2 model with updated design 
flows. 

 It was assumed that at the time of the study, there was a requirement 
to use HEC-2 and this was the project specific decision that wasn’t 
documented. 

 The FIRM basemap was out of date and didn’t reflect the existing 
roadway alignment.     
 

 One using HEC-RAS  
 Using the WSP-2 Model and new flows 
 

 Incorporated additional cross sections 



 Upgraded XS with more detailed topography 
 Change reach lengths 
 Change expansion and contraction coefficients 
 Add some ineffective flow areas 
 Revised bridge opening to better model pier blockage 

 

 Same as the Corrected Effective Model 
 



 330-ft Two-Span Bridge 
 Bridge is constructed within the backwater profile of the existing bridge 
 Removal of the existing bridge and the Pre-1959 bridge abutment 

significantly reduces the backwater 
 Proposed bridge provides a no-rise condition 
 Upstream roadway embankment was re-designed to prevent hydraulic 

impacts 
 

330 ft 2-span Steel 
Bridge 



 Applied for the Floodplain Permit in 2013 
 Received a Floodplain Construction Permit with conditions to complete 

a LOMR after construction in 2013 
 Project is currently in the Right-of-way phase with an anticipating 

letting in 2017 or 2018.    
 



 Better Data & More Refined Models 
 Electronic world has provided better way to manage data 
 

 To document and compare the differences 
 

 Consider engineers 30-plus years from now will be looking at your 
work 

 A little more documentation would save a lot of time investigating. 
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